
- . - - - • — — —-- —_ —~
__ -~~r’~~~ - - 

~~~~~~~~~~~~r”- ’ 1 - .r.

UNCLASSIFIED

Chapter IV

TWO-SIDED TEST DESIGN

This chapter describes the recommended design for the two—
sided test of the MAVERI CK weapon sys tem against a combined
arms unit. It includes the test objectives , the statistical
test design , a discussion of the controlled test variables ,
and a description of the composition of a test trial.

A. TEST OBJECTIVES
The objectives of the two—sided test are :

• To provide estimates of the probability of MAVERICK
success in lock ing on and launching ( s imula ted)  against
armored vehicles in representative combat situations. —

• To provide estimates of the probability of MAVERICK
aircraft being engaged by air defense unite of a com-
bined arms unit during combat sorties .

As described in Chapter II, the two—sided test is one of
the princ ipal sources of data for the MAVERI CK opera tional
evaluat ion . The unique aspect of the two—sided test is the
bringing together of the pr incipal  adversaries In a real is t ic
interacting environment in order to document .their respective
effects and effectivene ss , Because their weapons are designed
to be lethal , and because time and fiscal oon~traints preclude
investigation of’ the absolute environment (terrain and weather),
it is necessary to rely on other tests  and analyses for l e tha l i ty
&nd weather probabil i t ies .
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B. TES T DE S I GN

1 . Purpose

The general purpose of the test design is to spe~’ify the

range of’ conditions under which measurements of prelaunch capa-
bility should be obtained in order for test results to be most

useful in representing combat performance In Central Europe .

The test is not designed to represent real time attrition

effects between air and ground forces . Instead , the design Is

based upon separate analyses of each event occurring during

MAVERICK attacks , as described in Chapter Ill . These events

will be treated as statistically independent and described by

conditional probability statements. This permits postulating

for test purposes situations of unlimited numbers ot’ ground

targets and unattrited aircraft during each attack. Thus small

numbers of’ ground and air forces can be used in the test to

produce results for analysis representative of larger scale

tactical operations .

2. Statist Ical Design of Test

The design of this two—sided test Is characterized by .~~~

combinations of operationally representative conditions selected
for measurement of MAVERICK performance. Under each set of con-

trolled conditions (designated a “trial”), four aircraft (two

F—11s and two A-7s) will be flown . ‘Eight crews (four for each

aircraft type) should be assigned , if possible , to fly designated
trials during the test to determine the effects of crew varia-

bility on performance .1 Eighty—eight test sorties will be

flown .

tThe design can also accommodate the condition of a single set
of crews to fly all trials as discussed in Subsection .~d.
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a .  Test C o n d i t i o n s

Factorial designs have been chosen to provide estimates of

performance variations resulting from each of four selected test

conditions : flight ceiling , terrain background , shadow condi—

• ti8on , and ground scenario . These conditions have been selected

as the controlled variables in the two—sided test on the follow—

ing bases :

• They represent operational conditions that are expected
to result in significant differences in performance .

• They do not provide unnatural constraints on the opera-
tional tactics (i.e., “free play”) of the air and
ground forces during the test.

• They are feasible to control during the test .

In addition to these controllable conditions , there are a
number of potential ly significant variables that are not feasible

to control in an operational—type test; these include target/

background contrast ratio at time of launch , sun angle, ambient

light level , actual visibility, and tactics. These variables

will be measured rather than controlled in the test , and to the

extent feasible the effects of such variables upon the observed

results estimated .

The number of variations selected for each controlled test

condition is as follows :

• 3 Simulated Ceilings

C1——unhimited ceiling

C2——mid—ceiling condition
C
3——low ceiling restriction

• 2 Terrain Backgrounds
B1——low clutter

B2——moderate clutter

37
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• 2 Shadow Conditions

51——n o shadows
S2 —long shadows

• 2 Ground Scenarios

01——an attack scenario

02——an exploitation scenario

A discussion of the above conditions and the rationale for their

selection are presented in Section 3.

b. Factor ial  Designs

The test design is shown in Table 3. It is described by

two overlapping matrices of test conditions comprising two

separate factorials. One test matrix, a 211 factorial design,
compares all combinations of background , scenar io, and shadow
conditions (Si, ~~ ~~ 

for two of the three ceilings (C1 and

C 2 ). This design comprises 16 trials and will determine direct

and interaction effects on MAVERICK performance of background,

shadows , and scenario for unhimi~ted and mid—altitude ceilings .

The second overlapping matrix is a 3x3x2 factorial design

that compares three combinations of shadow scenario conditions

(S101, S1G2, and S2G1
) with the three ceilings (C1, C2, and C3

)

and the two clutter backgrounds (B1 and B2). This design com-

prises 18 sets of conditions and will determine the direct

- 

- effects on performance of ceiling , as well as interaction

effects of ceiling , background and shadow/scenario combinations

for each ceiling condition .

Each combination of the four variables SiBJ
CkGr to be

tested represents a potentially different tactical situation

that is considered operationally feasible. Within each trial ,
a minimum of three independent sets of obser vations on each

event will be obtained from each of the four aircraft , and data
on 72 total simulated launches recorded .1

tThis is based on a weapons load for each aircraft of six mis—
su es. If only four missiles are (continued on next page)
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Ta b le 3. TEST DESIGN (COMBI NATIONS AND SEQUENCE OF TRIALS)

Simulated Ceiling Restriction and Terrain
Clutter Back groundGround

Scenar i o C 1 B 1 C 1 B2 C~ B1 C2B2 C 381 J C~ B2

For Short (or No) Shadow Con dition (S 1 ) __________

6 1 (6) 8 (11)  (3 )  (10) (7)  (9)

62 
( 1 )  (8)  ( 4 )  ( 2 )  ( 1 2 )

For Lon g Shadow Condition

61 (6) (1) (9) (5) (2) (8)

62 
(4) (7) (3) 

— 

(10) 

~~~~~~~~~~~~~~~~~~~~
6Numbers in parentheses indicate the preferred order in which trials
should be conducted for each shadow condition. S~ tests can be per-
formed on either overca st days or during a short ihadow period on
sunny days. S2 tests can only be performed on sunny days .

It should be noted in Table 3 that the combination of’ low
ceiling condition C

3 
with long shadows S2 in an exploitation

scenario 
~2 

is omitted . It Is unlikely that long shadow con-
ditions will occur in conjunction with a low weather ceiling;1

~towever, the low ceiling C3, long shadow S2, and attack scenario
01 combinat ion of con ditions has been de liberately reta ined to
account for the attack situation where the presence of unsup—
pressed sui’face—to—air missile systems several kilometers

(cont ’d) carried by F— 11 aircraft , and six carried by A.-7 air-
craft , there will be data on a total of 60 sImulated launches
per trial .

1The long shadow , mid—ceiling combination has been retained in
the matrix to represent conditions where scattered clouds may
force MAVERICK operations below a medium ceiling cloud base.
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Figure 5. 1st TANK REGIMENT ATTACK TO THE NORTH
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Ch2apte r VI

RESOURCES , I N S T R U M E N T A T I O N , AND DATA R E Q U I R E M E N T S

A. RESOURCE REQUIREMENTS

1. Player Elements

The two—sided test will involve a simulated Soviet com-

bined arms company (CAC ) being opposed by appropriate levels
of MAVERICK—equipped tactical air supporting the allied units

In contact. The CAC , on the other hand , is protected to some

degree by its location relative to air defense elements of a
simulated Soviet combined arms army as described in Appendix C.

The required resources for the test include both ground offen-
sive and defensive forces and air forces .

a. Ground

The simulated enemy CAC will be equipped with——

10 tanks
3 APCs (one equipped with SA—7 missiles)
2 ADUs (one quad 23mm ; 1 twin 57mm) 1
1 alertIng radar

In addition , representative U.S. defensive forces are required

in the attack scenarios and should be equipped with at least

two tanks and four APCs .

1Because of the Importance of the air defense units to the test
results , 100 percent spare ADUs should be provided .
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b . A i r

The size of the armored threat and the need to support

other missions (simulated) would appear to indicate a TAC

support element of two to four aircraft . The requirement to
provide 88 test sorties over -a short test period dictates a

requirement for backup MAVERICK—capat~1e , instrumented aircra ft
to ensure continuous test aircraft availability . Since both

F—~ and A—7 systems are being evaluated , a minimum of three of
each type is suggested.

2. Support Requirements

In addition to the above requirements for player units In
the test , It will be necessary to provide appropriate material
and personnel support for both air and ground units for approxi-
mately 6 weeks of concentrated operations. Additionally ,
administrative and logistics support of the test director ’s
organization (includIng analytic support personnel) and the
IDA/WSEG staff are required .

B. INSTRUMENTATION , DATA COLLECTION , AND DATA R E D U C T I O N

Test instrumentation will be required in the test to record
the tracks of all groun d and air vehicles during attack s and
the times of occurrence of each important event. Five instru-
mentation systems are recommended to produce these records :

Ran ge measuring system (RMS)
Voice recording system (VRS)
ADU boresight cameras (PIDRS)1
MAVERICK seeker video recorders (v ideo)
Aircraft high resolution cameras

These instrumentation systems will collect most of the test data.

Table 9 summarIzes the instrumentation scheme ; Appendix A pre-
sents a detailed plan for instrumentation . Requirements for

1Photographic instrumentation and data recording system .
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Table 9. INSTRUMENTATION SCHEME

System Data Provided

RMS ( including ground antennas Posi t ions of ground veh ic les ;
(A-stations)., vehicle trans- x-y-z-tracks of aircraft;

- ponders (B-units ) and control-  times of ADU and a i rcraf t
ler (computer) events .
VRS ( including audio tone gene- Times of selected a i rcraf t  and
rators and F transmitters ADU events .
aboard vehic les,  and receivers
and tape recorders at VRS
-stat ion
Video recording of MAVERICK Va l i d  lock-on and the target
seeker view locked onto.
Ai rcraft-mounted sti l l  camera a Ground scene at time of launch;

true or fa lse target; contrast
rat io.

ADU boresight camera (PI-DRS) Times of t racking and fi re ;
aid to determining aircraft
identification.

Weather observation equipment Ceiling, visibility , illumina-
tion , percent cloud cover , etc.

Manual data collection Player lists , scorecard , crew
briefings , etc.

aBoresighted to MAVERICK in the caged position.

data reduced from the records generated by this instrumentation
are summarized in Table 10.

Delivery to IDA/WSEG of reduced data covering operations

of any given day is expected not later than 1 week after each

trial. With certain exceptions , originals or copies of source

records produced by instrumentation systems should be delivered
to IDA/WSEG not later than 1 week after the end of test opera—
tions. A schedule and specification of data to be delivered

are included In Appendix A.
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Tab le 10. SUMMARY OF RE QUIR EMENTS FOR TEST DATA

MAVERICK Prelaunch Activities 
-

Per Trial Test condition set ident i f icat ion; total number
of aircraft in flight

Per Test Aircraft identification; B-unit number; crew
Sortie Identification

Per At tack No. of passes;  target array detect ion (time ,
slant range to target array a, and relative
altitude b)

Per pass No. of launches; 1st Slew Enable , representing
event at se lect ion of f i rst speci f ic  target to
attack (time , slant range to target , relat ive
al t i tude)

Per Launch Time ; slant range to target; relative altitude;
valid launch (was missile locked on at time of
launch?); lock-on to launch time ; If valid

____________ 

launch , vs. true c target?

Aircraft Engagement by ADUs

Per Pass Exposure to weapons: time aircraft enters and
leaves engagement envelope .

Per ADU Maximum range envelope of ADU ; slant range at
PCAd , relative aircraft altitude at entrance ,
exit and PCA.

Per ADU Aircraft identification ; ADU events of aircraft
Engagement detection , begin track , begin fire , and end fire

(time , slant range , and relative altitude for
each).

Per Aircraft Plot of x-y (z noted) track of aircraft as a
Pass function of time (or computer record of x-y-z
____________ 

history of aircraft fllghtpath).
aThat is , to the centrold of t~arget array .bThe dif ference between a i rcraf t  alt i tude and the avera ge
elevation of the target array .

CA “true ” target is a threat vehicle (e.g., tank , APC , or ADU);
a “false ” target is anythin g else locked on (e.g., a bush ,
tree , shadow , or non-threat vehicle).

dp0j~~ of closest approach.
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The following paragraphs describe briefly each of the

required instrumentation systems and how it will be employed
in the data collection program.

1. Range Measuring System

The RMS is the primary instrumentation system. Its opera-

tion is shown schematically in FIgure 20. This system collects
data from which x—y—z position as a function of time can be

calculated for every vehicle in the test . The RMS also records
the occurrence of most events of Importance.

The RMS system Is controlled by a computer (Varlan 620),

which governs timing of system operation and records and proc-
esses the data gathered by the RMS. A C—station is the communi-

cations interface between the computer and the field components
of the RMS. The RNS has several fixed A—stations from which
ranges to the test vehicles are measured. Each vehicle carries
a B—unit that communicates with A—stations. The B—unit contains

a transponder, an antenna, and an eveht input unit. Ranges
between an A-station antenna and a B—unit is determined by the
delay between transmission of a signal from the A—station to
the B-unit and receipt at -the A-station of an acknowledging
signal from the B—unit.

The computer controls the sequence and timing of the range

interrogations. Each commanded Interrogation is transmitted to
the C—station from the computer and thence to the A—station.
After B—unit interrogation, the A—station composes and t ransmits
a message back to the C—station indicating the measured range
to the B-unit (or indicating no response from the B—m i t ).  The

• . C—station then transmits this range information to the computer.

The D—station Is sImply a relay between C— and A—stations .

The RMS can also be used to record events. The B—unit has
an input Into which a binary code can be entered by switches

mounted on a special box or by electrical switching within other
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Figure 20. SCHEMATIC R E P R E S E N T A T I O N  OF RMS OPERATION
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equipment . The switch settings can cause the binary code to
be transmitted from the B—unit to the computer via the A— and

C—stations . The computer records the binary code for latei~
decoding Into predefined events. Thus, equipment or personnel
in the test can be conditioned to Inject certain events into

the RMS .

2. Voice Recording System

The VRS is designed to record communications transmitted

over the various radio channels by the test participants. The
recordings are made on magnetic tape and are accompanied by a

synchronous time signal code. When the tapes are replayed ,
equipment of the VRS displays the recorded time code, allowing

reconstruction of the time of each communication.

Specific audio signals are transmitted over RF channels

during the test to Indicate certain events. These signals

are either voice codes uttered by test personnel or tones
automatically generated and transmitted in response to some

equipment function. As examples , detection events are trans-

mitted-oral code words , and MAVERICK launch is Indicated by

an automatically transmitted audio tone.

3. ADU Boresight Cameras (PIDRS)

The PIDR S is a 16mm movie camera mounted on each ADU and
boresighted to the optical site. The camera can be electrically
controlled, thus exposure of film can be correlated with some

electrical function of the weapon (slew in this case). The

PIDRS also has provision for recording a time code image in

the margin of the film. Therefore, each PIDR S is assoc iated
with either a time code generator and electronic clock , or a
time code receiver.
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4. Video

The view of the MAVERICK seeker head Is recorded on a

video tape recorder . Also recorded on the video tapes are the

seeker gates that indicate the object locked onto. A video

recorders is carried on each aircraft and covers each pass made

by an aircraft .

5. Aircraf t  Sti l l  Camera

The still camera records the ground area around a target
at the moment of simulated launch . A telephoto lens and high

resolution film are used to obtain an unambiguous identifica-
tion of the type of target. These photographic records will
also be used to obtain quantitative values of contrast ratio

of the target at time of launch.

6. Summary Instrumentation Requirements

Table 11 summarizes the events to be recorded during the

test , and the Instrumentation systems to be used.

Table 11 . EVENTS REGISTERED BY INSTRUMENTATION

Event Instrumentation

ADU slew (i.e., turrent power) RMS , PIDR S
ADU detection of aircraft VRS
ADU begin tracking PIDRS
ADU firing (i.e., trigger depressed) PIDRS , RMS
SA— 7 lock-on RMS
SA-7 launch RMS
Pilot detection of target array VRS
MAVERICK slew a RMS , Video
MAVERICK launch RMS , VRS , Vi deo

apermits derivation of time of target selection and
lock-on .
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